














































金 井 宏 俵
Preface
　　　　　
Bernal described in his book ”Science in History"
that chemical industry of the twentieth century was
characterized by the use of continuous-flow methods
and of catalys七s. Certainly, their　development　leads
chemical indus七ry to one of heavy industries and
prosperity of nowadays. However, oil　resources　have
begun. to　be　exhausted　so　that　urgent　and　impor七ant
subjects toward dispensing with　oil　are　not　only　the
technical solution in energy industries but also the
development of new catalysts for industrial processes
associated with　polution　control　and　saving　of
resources and energy. Heretofore, development　of
ｃａ七alysts depended on ｅχperience and rule-of-thumb
methods. Fundamental research for finding new catalysts.
predicting their catalysis. and designing new catalytic
systems has been keenly performed in coorporation with
progress in analytical instruments and development of
theory on chemical reactivity。
However, when we　imagine　ａ　catalytic　reaction　in
ａ solution, there　are　valency　of　ａ　metal　center.
proper七ies of ligands, their　geometric　factors, and
solvent
　
effects which govern the compleχed reaction。
The thesis accounts for some catalytic reactions by
transition metal complexes in unusual oxidation states
such as Ｃｏ（工),Ni(工) , and　Ｐ七　complexes. The　oxidation
state is unusual due to the lack of purposeful
research to prepare, isolate　and　characterize　the
unstable compleχes. Even　if　an　unusual　ｏχidation　state
is present in the process of ａ compleχed catalytic
reaction, it　is　七〇〇　unstable　to　be　observed.工　believe
that the elucidation of catalytic behavior of transition
metal compleχes in unusual ０χidation states which are
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4.3. Hydrodimerization of Methyl vinyl Ketone
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The catalysis of organic reactions by transi-
tion metal complexes has become ａ major　synthesis
七〇〇1,both　in　the　laboratory　and　in　the　chemical
industries. Apart　from　the　complexity　of　heteroge-
neous catalysis the ease of the investigation of
the mechanism of homogeneous catalysis and the
structure of homogeneous catalysts is an advantage,
opening rational ways to develop novel and intri-
guing catalysts. The object of the thesis is to
clarify characteristic features of transition metal
compleχes in the unusual ｏχidation states and their




























注1.“異常”の英訳として次のように用いられている。unusua 1(R.S JMyholm and M.L.Tobe),
less-common(D^Johnson), abnormal (中原勝景）。
－３－


























































































































































































































【Ｖ(ＣＯ)４Ｌ]ＸＬ ° aromatic compounds, Ｘ °
ＢＰｈ４″ ＰＦ６２）






Ｒ ｓ Ｃ６Ｈ５ and
its derivatives. χ＝ＰＦ６″５
）
【Cr(C H )]Ｘ　Ｘ ° BPh″ ClO,″工″OH






5-n^ Ｒ ° CH , Ｃ６Ｈ５″Ｘ °“'6″ r↓･↓ゝ心１･↓ゝ／ｎ゛‘"'5-n‘｀‘｀‾｀'“３″｀‘６“５″‘｀
ＢＩ‘' Ｃ１″８)Ｍｎ(ＣＯ)ｎＬ５－ｎｘ　Ｌ ° ＰＰｈ３″ AsPh ,
SbPh″ P(n-C H ) , P(OPh) , Ｃ６Ｈ５ＮＨ２″
ｎ＝３，４，Ｘ＝ｈａｌｏｇｅｎ，９）
　　　　　　　











[Ｃｏ(ｂｐｙ)３]Ｘ Ｘ ° haloge叫Ｃ１０４'１２)
ＣＯＸ（ＣＯ）３Ｌ Ｌ ゛ ＰＰｈ３″ Ｘ ゛ 工″１３）Ｌ ° ＰＥｔ３″
Ｘ ° halogen,･'■'" L°P(OPh)3, Ｘ ° Ｉ’１５゛１）
[Co(CO)3L2]X Ｌ ° PPh , Ｘ ° NO , Cl, I,
ClO″HgCl3, Fe(CO) NO″１６）Ｘ ゛ ＢＰｈ４″ Hgi4
Ｃ１７（ＳＣＮ）４（ＮＨ３）２’
１７）Ｌ




















CH3, Ｃ２Ｈ５″CH=CH2″ Ｘ °　ClO″ NO3












































【Ｃｏ[cis-Ph2PCH°CHPPh2]Ｘ Ｘ °Ｃ１'Ｉ″ BF,
ＢＰｈ４３４)
Co(bpy)2X Ｘ ° halogen. Ｃ１０４
35）
Ｒ４Ｃｏ（ＣＯ）（Ｐ？ｈ３）］ＸＣ４Ｒ４° cyclobutadiene
｀‾４”4 '^ 3' -　　４４　　‘
derivatives.χ= halogen″
３６〉Ｃ４Ｒ４Ｃｏ（ＣＯ）２Ｘ″






















(C H O )NiBr　^6≪8°4 ゛ dimethyl maleate
and ｆｕｍａｒａｔｅ４９）
【(C H )Ni(CO)］Ｘ　Ｘ ゛ Ｃ１’１５０）Ｎｉ２（ｄｉｐｈｏｓ）３‾
(ＣＮ)２″ｄｉｐｈｏｓ ゛ Ｐｈ２Ｐ(ＣＨ２)ｎＰＰｈ２ ｎ ° ３″４
51）
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Alkylation of vitamin B.jg and cobaloxime(I)
with alkyl ｈａｌｉｄｅｓ．１）
Reactions with electron-deficient olefins.
acetylenes, and epoxy compounds 。
２）
Addition of molecular hydrogen and oxygen.
Hydrodimerization of acrylic esters.
Selective hydrogenation of １，３－ｂｕｔａｄｉｅｎｅ．５）
Cyanation of vinyl halides.〉
Dimerization of ethylene. '
Selective hydrogenation of conjugated dienes
Fixation of ｃａｒｂｏｎｄｉｏｘｉｄｅ．９）
ｆ
Hydrodimerization of methyl vinyl ketone
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ルギーにある5o! 一方， Cod), Rh(I), Ir(I)の反応性は，Ｃｏ（I）錯体の不
安定さから等構造錯体が得られず比較が困難であった。 Vaskaらはci s-Vh2?
CH＝ＣＨ PPh2 （2＝phoｓ）を配位子とする等構造錯体〔M( 2 = phos)2〕（BPh4）
(M=Co, Rh, Ir)をはじめて調製し，反応性を比較した51）。　これらの錯体










































２ Transition Metal Complexes in Unusual Oxidation states　and
　　　　
Their Reactivity
The definition of an unusual oxidation state refers to oxidation
states
that are stable in environments made up of chemical species that were common
in classical inorganic compounds. When the covalent contribution towards the
bonding becomes significant, the concept of oxidation states becomes less
precise and the discussion of the oxidation states of atoms in essentially
covalent compounds has little physical reality.　So the word "unusual" is
purely relative and sometimes meaningless. This chapter discusses the ways
in which the chemical environment may stabilize ａ particular oxidation state,
ｅ・g. +1, and attempt to rationalize the dependence of the ｏχidation state
upon the various electronic parameters of the transition metals and the
pertinent properties of the chemical environment. Further, chemical reac-





















































































Ni(PPh3)4 十 NiX2(PPh3)2 → 2 NiXCPPh3)3　　　　　　　(1)
Ni(C2H4)CPPh3)2 十NiX2 (PPh3)2→2 NiXCPPh3)2十C2H4　(2)
ＣＯＸ(ＰＲ３)?)と同じ構造をもつ錯体で，Ｃｏ(I)錯体が式(3)により調製されること
CoX2(PPh3)2 十PPh3 ＋1／２ Ｚｎ→ＣＯＸ(PPh3)3＋1／２ ZnX2 (3)
からその手法をNi系に応用した。不均化S反応で用いられたベンゼンを溶媒とし
た時56? 純粋なNi(I)錯体が再現性よく得られなかったので, in ｓitｕで調製し
た錯体を１－ブテンの異性化反応の触媒に供することにした。表１に示すよう










































































a) The catalyt ic solution was prepared by adding 1.5g of zinc to ａ
mixture of 0.５mmol　of Ｎｉχ2(PPh3)2　and　0.75mmol　of PPh3　in ２０ml
of THF at　ｒ.t. and　then　tr ea ting the　filtrate with 0.25 mmol　of
NiX2(PPh3)2. The reaction　tube was charged with 3 ml　of catalyst
solut ion and ２.3mmol of 1-butene, sealed, and then brought to O℃.










































































































60 80 100 120
Time/min
Fig･2. Isomerization of　1-pentene






















































0.5 M, THF 19ml, 0°Ｃ.b）Ｃｏｎｖ.after
80 min. c) A first-order plot was not
observed, d) Compleχes were prepared
ｉ?Ｓｓitｕby replac ing Br on NiBr(PPh3)s
wi th KSCN, NaOCHa ，AgPFe, and AgC104










Table 3. The effects of　the add i ti on
　
of SnCl2 on　the　isomerisation of
1 -pentene wi th Niχ(ＰＰｈ３)33)









































a） The reaction conditions were the
same as those in Table ２.
認められたが，同じロット Table 4. Solvent effects on the isomerisation
を用いる限り±10価でおさ










































a) The reaction conditions were　the same as
those in Table 2. b) The ｖol侈ａt which max































Fig. 3. Solvent effects on the rate and
いて，吸光係数の増加が認めら
　　
the c/t ratio in l -pentene isomeriza-
れた。プロトン性溶媒の添加に
よる加速効果は，･7－アリール























0.5 1 1.5 2 2.５
　　　
PPh3/Ni
Pig. 4. Effects of ｅχcess PPh3
and the concentration of



























































a）［Ni］2-2.5×10’2M， rC2H4] 0.2-0.25M, Solvent 4-5ml・
b) NiBr (PPh3)2 was prepar ed 加パS from the disproportionation
between Ni(C2H4)(PPh3)2　and NiBr2（PPh3）2、Ｃ）Ａsmall quantity








Table 6. Isotopic ｍｉχingbetween C2D4 and C2H, or 1-pentene catalyzed
by Ni(I)　complexes３)
Catalyst mmol　Ｃ2 Ｄ4　　C2H4



























do di d2 d3 d4
価
d5 d6






8.3 231 31.0 20.9 11.2　4.2　1.0e）
a) Deuteroethylene (C2D4 96.9^, C2D3H 31%) was obtained from Ｅ. Merck
Co. Reactions were done in 3ml of THF at O °Ｃ.b)ＣＤ３０Ｄ(0.5ml)ｗａｓadded‥
c) NiBr(PPh3)2(P(aD3)3) was used. d) The i so topic distribution of ethy-
lene. e) The　isotopic di s tri bu ti on of pen tenes (1-pentene G.l%, t。４Ｓ∫‐2-
































































期金属で観察されている。 CoX2(PE3)2-, NiX2(PR3)2- NaBH4系（Ｘ＝ハロ


































































3. Selective ^' -J-Isomer i za ti on of Olefins Catalyzed by Ni（Ｄ
Compleχes
　　　
Selective cis- isomerization of 1-butene and 1-pentene was carried
out by Niχ(PPh3λ(χ=halogen and pseudohalogen). First-order plots
were obtained except　iodo-complex. The addi tion of tin (n) chloride
increased both activi ties and　ratios of ｃiｓ-2-olefins　to the tranぶ－
isomers. Protic solvents accelerated the　isomerization. Isotopic
exchange between C2D4　and　C2H4　or 1-pentene reveals　that ａ metal
hydride addi tion-elimination mechanism　i s operative. Reactivity of d9






































































Col2(0.31g, lmmol), PPh3 (0.93g, 3.5mmol)のＴＨＦ（15ml），C2託ＯＨ
























2 CH2=CHCO2CH3　＋２ CHaOH 十ＣＯＸ(PPh3)3　--→










































Table 2. Effects of　the addi tion of a 1ka 1i　halides on　the hydrodi -
　




























































































































a) CoχCPPh3)3 was prepared 2n si tu from ＣＯχ2(1 mmol), PPh3 ( 3mmo 1),
and Zn (lOmmol) in THF (10ml) and CHsOH (2ml). MA (16.4mmol), 20T:,
2 h. b) The number　in parentheses　is the yield based on MA consumed.
c) Yield based on cobal t complex. d) r.t。20-24 h･ e) Methyl 2－ me-
thoxypropionate 20S.　０ Methyl propionate 12俤･g) r.t., 2 days. h) r.t･，
4 days.　i) Methyl 2－me thoxypropi onate 5.4価・　j)Methyl 2-ｍｅthoχypropi-












Table 3. Effects of　temperature and additives on the
還元二量体の収率 hydrodimerization of methyl　acrylate３）
は著しく増加する
　















































a) Catalys ts prepared １？Ｚ　Ｓ　Iltｕfrom C0I2 (lmmol )
PPh3（３ｍｍｏｌ）、and Zn (lOrmiol) in THP (8ml).






Table 4. Solvent effects on the hydrodi-
merizat ion of methyl　acrylate by
ＣＯＸ(PPh3)33)












a) Coχ(PPh3)3 prepared iｎ ｓt tｕ　from ＣＯχ２
(ｌ mmol), PPh3 (3mmol), and Zh (8-lOmmc



































1 2 34 5 10
　　
CH30H/ml
Fig. 1. Effects of　the amount of




●:yield based on MA consumed;


























1 2 3 4 5 6
　　　　
PPh!/Co
Fig. Effect of pphl / Co on
the hydrodim'n of MA
Fig. 2. Effects of　the ratio of
ＰＰ１尨 to cobal t on MA hydrodi-
merizat ion by １？Ｚｓitｕprepared
ＣＯＩ(ＰＰｈ３)３、Symbo 1 s　are　the




2）。 PPh3 /Co の最適比は３で, discrete錯体の組成に合致する。過剰PPh3
はＭＡの変換率にそれ程影響しないが，還元二量体収率を低下させる。ＭＡの配











Table 5. Analysis of hydrogen of dimethyl　adipate produced by the
　　
reaction of MA wi th　171　SItＵｐｒｅparedＣＯχ(PPh3)3　in deuterated
compounds.








































a) P=PPh3. b) Based on that the number of hydrogen of met hoχｙ













































































Cｏ° CoX(PPh3)n ， X ゛halogen.







































反応：量論反応例を示す。〔Ｃｏ（bpｙ）3〕C104 (0.70 mmol ）をTHF(lOml),
メタノール(0.5 ml）に溶解した後MVK(6.5 ｍｍｏｌ）を加え。室温で反応させ
た。溶液の色は，濃紺色から褐色に変り沈殿が生成した。３ｈ後生成物を島津
６Ａガスクロマトグラフ（ＰＥＧ ２０Ｍ／セライト545, 4m, FID)で分析した。
ｌ？ＺＳＩtＵで調製した錯体を用いた反応例を以下に記す。Col2 (1 mmol ),2,2乙
ビピリジル(2mmol), Nal(8 mmo ｌ），亜鉛粉末（８mmol ）のＴＨＦ（１０ｍｌ），メ
タノール（２ｍｌ）溶液を攬伴した。数分後には，濃紺色159-161)に着色した。
MVK(12.2 mmo 1 ）を加え。さらに43h攬伴を続けた。反応は空気にさらして
停止させた。その時溶液の色は濃紺色から褐色へ変った。 ＭＶＫの変換率は9邨。
生成物は2.7-オクタンジオン，４－メトキシー２－ブタノン。メチルエチルケ
トンで，それぞれのガスクロ収率は61^(3.74 mo I/Co ｇ ａtｏｍ），21価，14価
であった。生成物の同定は蒸留またはガスクロ分取後元素分析) nmrによって
行った。
2,7－オクタンジオン:mp 39.8～40.3℃　分析値(?g) . C, 67.28 ； Ｈ，
9.78. C8H14O2としての計算値{.%) . C, 67.57 ；　H, 9.92. iH nmr
δ（ＣＤＣ１３）:1.49(4H,m), 2.05(6H, s), 2.36(4H, t).
　　 　












































a) Vpc yield. The number in parentheses is the
yield based on MVK consumed, b)〔Ｃｏ〕0.70mmol,
MVK ６.５mmol, THF　１０ ml ，r.t. c)〔Ｃｏ〕0.66mmol,





























































































































































a) Catalysts were prepared i，7ｓitｕfrom ＣＯχ2(lmmol), bipyridyl (n mmol))
and Zn (8mmol) in THF (lOml)-methanol at ｒ.t. MVK (12.2mmol). b) Vpc
yield, c) The number　in parentheses　is　the yield based on MVK. d）ＭＶＫ















































1 2 3 4
　　　
Time　　h
Fig. 3. Hydrodimerization and
Michael reaction of MVK
catalyzed by J･7Z　ｓitｕprepared
ＣＯＩ(bpy)2 in THF-MeOH.
















Table 8. Effects of the amount of methyl　vinyl ketone and the atmos-
　









12.2 N2 14.6 9.2 16　　3.52 (58)
12.2 H2 14.6 9.1 16 3.06 (50)
24.4 N2 8.3 8.3 21　　4.21 (34)
24.4 H2 13.7 9.2 16　　4.46 (36)
36.6 N2 14.4 21 20 6.12 (33)　　　　0.28
36.6 H2　　13.6　9.1　45　　6.18 (34)　　0.19
61.0 H2 14.4 9.1 64　　7.20 (24)　　0.31
61.0 H2 29.7 30. 90 8.41 (28)　　　0.80
a）〔Ｃｏ〕1mmol , bpy/(］b = 2, THF　１０ ml, MeOH 2 ml,　r. t. b) Isolated
yield. The number　in parentheses　is　the yield based on MVK ｡
Table 9. Cohydrodimerizat ion between methyl vinyl ketone and methyl
































a）〔ＣＯ〕0.５mmol ，Nal/Co =16, Zn ｇ mmol, THF　１０ ml, Me OH 2ml,
ｒ.t･j　16-45 h. b) Vpc yield. The number　in parentheses　iｓ　thepercen －
tage of the cohydrodimer in hydrodimers. c) Methyl 6-ketoheptanoate･
d）〔Cb〕ｌmmol . e) After MA had been added, MVK was added dropwi se































KI 8.0　THF 10, MeOH ４　　１.5　　　　1.04
Col(bpy)2
　
Na l 14　THF 10，MeOH 2　48　　　　　4.59
COI(phen)2c) Nal 8.3　THF 10，MeOH 4　16　　　　　2.83
COI(fｕｍａｒａtｅ)2(1)Lil 5.0 CliCN 18,MeOH2 22　　　　2.19
a)〔ＣＯ〕ｌmmol, MVK １２mmol, Zn 8-10mmol, r. t. b) Vpc yield. ｃ)


































ＣＯχ2（χ＝ハロゲン）（1.０ mmol ），フマル酸ジメチル( 2.0 mmol ），ハロゲン
化アルカリ（ｎ mmol ),亜鉛粉末（10 mmol ）の入ったフラスコを窒素置換後ア
セトニトリル(18ml)を加えて攬伴し深紅色の溶液を得た。MA(13.3mmol),
メタノール( 2 ml)加え，室温で所定時間攬伴した。反応率，生成物の収率は
内部標準物質を用いたｖｐｃ分析（島津ガスクロマトグラフ6 A, SE-30 1m
　
－40－















































a) Cobalt halide 1 mmol, dimethyl fumarate 2.０mmol, ｈ thium halide
5.０mmol, Zn １０mmol, MA 13.3 mmol, CHaCN Ｉ８ml, CHaOH ２ ml
1 r.t.
b) Residual fract ion of dimethyl fumarate (S) after the react ion.

















































Table 12. Effects of the ratio of dimethyl　fumarate to cobal t on the
　
hydrodimeri zation of ＭＡａ）
Fumarate
Time Conversion
Fb） Yield of dimethyl　ad i pa teｃ）
　










































a) C0I2１ mmol, Lil 5.０mmol, Zn １０mmol, MA 13.3 mmol, CHsCN 18ml,
CHsOH 2ml, r. t. b) F = dimethyl fumarate. S = dimethyl succinate.




Table 13. Effects of　the addi tion of alkali　halides on the hydrodimeri-
zation of MA by Co-fumarate complexes ３）
　　　　　　　　　　　　　　　　　　　
Fb）Yield of dimethyl adipate ｃ）






































































































a) C0I2　1 mmol 1 dime thy 1 fumarate ２mmol, Zn １０mmol, MA 13.3 mmol,
CHsCN 18 ml, CHsOH 2ml, r.t. b) F = dimethyl fumarate. S = dime-
thyl succinate. c) The number　in parentheses　is　the yield based on MA




















































































































a）！ dimethyl adipate; 2.2i7-octaned i one; ！ methyl 6-ketoheptanoate･
b）Ｔｈｅnumber in parentheses is the fraction of！ in hydrodimers･
c) MA and MVK were added at the same time. Col2 １mmol ，dimethyl
fumarate ２ｍｍｏｌ･Zn １０mmol, CHaCN １８ml, CHsOH ２ ml, r.t., 1 day
d) Dibenzo-18-cro^vn-6. e) A mixture of MA and MVK in ＣＨ３ＣＮ（tｏtal
volume ｇ ml) was added dropwi se to ａ cobal t complex prepared ｉ？ｉｓiｔｕ
from C0l2　１mmol, dimethyl　fumarate ２ mmol, Zn 10 mmol　in 15 ml of
CPiCN. f) The time required for dropping. 5h， g) 14 h， h) C6H5CN





















4. Hydrodimerization of Electron-Deficient Olefins Catalyzed by
　　
Ｃｏ(D -Complexes。
Methyl acrylate and me thy 1 vinyl ke tone were hydr od ime rized in
methanolic solutions by CoX(PPh3)3 and Ｃｏ(bpｙ)3“1‘into dimethly adipate
and 2, 7-oc tanedione ， respect ively. The　ｍ 　ｓitｕprepared Ｃｏ(I)ｃｏｍｐｌｅχes
from cobal t halides, PPh3　0ｒ 2, 2'-bipyridyl and zinc gave higher yields
of hydrodimers in the presence of a 1kaIi　halides. Homohyd r od ime ri za tion
and cohyd rod i me riza tion of methyl acrylate and methyl　vinyl ketone were
carried out by CoCdimethyl fumarate)2 (CIiCN)2 - a 1ka1i halides-Zn
systems. Ａ mechanism is proposed which involves the protonation of Ｃｏ(D-
olef inπ-complexes to give β-substi tuted ethylcobal t complexes, followed









パラフィンまで進まないchemoselecti vi ty. (2)ブテンのうち熱力学的に不安定





















































































Fig. 1. Hydrogenation of 1, 3-buta-
んだ系であるため，誘導期には還元時 diene catalyzed by Ｚ？Ｚ　ｓｉtｕｐｒｅ一





〇：^'^-2-C4H8 ； △：trans-2-Cilis ；
(●：n-C4Hio.



















































a) Compleχes were prepared i n si tu from ＣＯχ2(0.44mmol), 2,2'
bipyridyl (0.88 mmol), and zinc（４mmol) in　ＴＨＦ（15ml ) and
ethanol ( 5 ml )｡1, 3-C4H6 (4 rnnol )' Ph, 580 Torr。 25°Ｃ･










































Fig. 2. I^drogenation of 1,3-
butadiene catalyzed by j″
パ4 prepared CoBr(bpy)2
(ｍｅthod(2))，Symbols are the
same as　those in Fig. 1.
Table 2. Effects of the Ratio of 2, 2'-Bipyridyl to Coba 11 in



























































0.2 0.4 0.6 0.8
［Complex］mmol
Fig. 3. Dgpendence of　the　rate of hydrogenation of 1,3-butadiene on (a)
hydrogen pressure and (b)catalyst concentration (･, 1,3-Ｃ４Ｈ６４mmol ;
















Fig. 4. Effect of 1, 3-butadiene
concentrat ion on the rate of

































Fig. 5. Plots of 1, 3-butadiene


















Ｆｉｇ･6. Effects of　the solvent
composition on the rate of　1,3-
butadiene hydrogenati on　in　THF-
ethanol at 20°Ｃ.




























Produc t di stribution
36（I）1‾Ｃ４ Ｈ８ iraKS-2-CJti8 ゛‘'^-2-C4H8
　　　　　　　　
１７ ２























a) Compleχes were prepared　inａ similar manner as　those　inTable ｌ.
























































































／ 2.05 (4H, bs)





























































1 2 3 4 5 6
　　　　　
bpy/Co
Fig. 7. Dimerization of 1, 3-butadiene






























































a) Cod) complexes were prepared　加パtu　from　ＣＯχ2 (0.5 mmol),
2,2'-bipyridyl, and Zn ( 5 mmol) in　ＴＨＦ（10 ml) and ethanol (2ml)・














13 12 11 10
　　　　　　　　　　　　　　　　　　　　
S (ppm)
Fig. 8. " Ｃ nmr spectrum of deuterated butenes produced by the
hydrogenat ion of bu tad i ene　catalyzed by ｌ？Ｚ　ｓitｕprepared Col(bpy)2・













注1.少量のCr(acac)3 ( acac =アセチルアセトナート）を含む１３Ｃ ｎｍｒのＮＮＥモードスペク


























































































The hydrogenation of conjugated dienes was carried out　to give
<rij-2-olefins as main products by the catalysi s of (ｂχ(bpｙ)2prepared
172ｓitｕ from cobal t halides, 2, 2'bipyridyl, and zinc　in THF-ethanol.
The induct ion periods ･and　selectivi ty　in products correlate wi th
experimental methods in　regard　to　the　timewhen diene and hydrogen
are added. The　rate of hydrogoiat ion　is propor tionalto　the hydrogen
pressure and　to the catalyst concentration, and changes wi th the
concentrat ion of dienes. Ａ mechan ism is proposed which　involves ａ?ｉtＩ･－





































換算で82俤）。元素分析，実測値(^) , C, 45.83 ；Ｈ，3.85 ； Ｐ，6.20。計








dm‾3，基質0.1～1.8 mol dm~^ 溶媒15ml,反応温度O～35°Ｃ,･水素圧13

















































Fig. 1.　IR spectra of ＰtＯ(PPh3)，Ｐt(PPh3)4，Ｐt(02)(PPh3)２and OPPhs.
素とPPh3はＯＰＰｈ３ではなくＰtＯ（PPh3）の形で存在していると思われる。
































a) Binding energies were
referenced to tha t of cdo,
285.0 eV. b）l!le rat io of the
peak height of Pt(4/7/2) to
that of Pt(4/5力）iｓ 1-37:
1.00.




























































































Table 2. Solvent effects on the hydrogenation and isomer iza tion of
　




Rate of hydrogenation mmol/h
Selectivity for hyd rogena ti on **■'
ζj∫/trans
THF ＭｅＯ泌）lolｕｅｎｅMEK CHaCN"
24.7 24.9 19.0 18.2 17.9
0.34 0.30 0.20 0.25 0.037
0.56 0.46 0.39 0.55 0.078
0.55 0.59 0.60 0.61 0.95
a）PtＯ（PPh3）0..106 mmol , l-OHi o　10mmol ， solvent 20ml, ｝1　1 atm, 0°Ｃ.
b）Ｔｈｅcomp 1eχ was not dissolved completely- c) Conversion after 4 h.



































ンの水素化(ベンゼンーメタノール中)では, X=C1 , Brでは異性化が優勢




























































a）ＰtＯ（PPh3）0.106 mmol , unsaturated compound lOmmol, solvent 20 ml,
H2 1 atm.　b) Products after 4 h were 1-hexene （72価）ａｎｄ ｎ-heｘａｎｅ（28価）・













6. Hydrogenation of Olefins Catalyzed by Ａ Two-Coordinate Platinum
Comp 1eχ
Treatment of Ｐt（02）（PPh3）2wi th hydrogen in benzene ａt 60°Ｃgave
a dark brown amorphous comp】ex which exhibi ted catalytic activi ty for
　　　　　　　　　　　　　　　　　　　　
－65－
hydrogenation of olefins. The compleχwas　i d en ti fi ed　to be ＰtＯ(PPh3)
by elementary analysis,ir, mass and ESCA　spectra.　The hydrogenation
of
　
styrene is of first　order　to hydrogen pressure and　the Pt　coneen-
tration and of zero order　to　the styrene concentration. The activation
energy is 53.5 kJ mol‾1　. The solvent　effect　on the hydrogenat ion rate
of 1-pentene i s ＴＨＦ＞ＭｅＯＨ＞ＭＥＫ＞tolｕｅｎｅ≫CHsCN. The selecti-
vi ty for hydrogenati on against isomer iza tion is ＴＨＦ＞ＭＥＫ＞ＭｅＯＨ＞
toluene≫Ｃ陥ＣＮ.The addition of PPh3 inhibi ts the hydrogenation but
increases select ivi ty for hydrogenation. The compl eχ has no chemose-













































































7. Epilogue-Reconsideration on the Me tallic Valence
　　　
React ivi ty of　transi tion metal　comp】ｅχes　in　thepar ticular
valence states which are closed-shelled d^　and open-she Iled ｊ２・＋11ｓ　’
discussed. The valence　is referred　to as　the　ionic valence or　the
oxidation number　in this　thesis. As　to　this　terminology mixed valence
compounds have been currently　interested　in　terms of　their preparation,
































































(2) 16 － 18電子則:　3ら4乙　5･y遷移金属化合物の外殼電子は,18電


















Elementary Reactions and Reaction Rationale　in Catalysis by
Transition Metal Compl eχes
Typical steps of homogeneous catalytic　reactions　include　1 i gand
compl ｅχａtｉon ，ｏχidative addi tion and reductive elimination,　insertion
and abstraction of β-Ｈ atoms. Such reactions and bond ing principles or




1) G. W. Parshall, "Homogeneous Catalysis,”John Wiley & Sons, New York (1980).
2) A. Nakamura and Ｍ． Tsutsui, "Principles and Application of Homogeneous
Catalysis," John Wiley & Sons, New York (1980).
3) "Reactions of Coordinated Ligands," Adv. Chem. Ser., 37, (1963);　"Homogeneous
Catalysis, I,工工," ibid., 70, (1968), 132, (1974).
　
- -
4) M. Tanaka and 工. Ogata, Kagaku no Ryoiki, 30^, 260-7 (1976) .
5) K. Birakawa, Kagaku to Kogyo, 34, 26-8 (1981) .
6) "C Ｃｈｅ°istry″”Petrotech″ 三″(1980): S. Tanaka, 33-8; Ｙ． Takegami, 128-33;
T. Mizoroki, 245-51; ″ｒ．Tsumura, 415-7;　Ｓ． Fujiyama, 522-4; Ｋ， Saekl, 608-
１３；K. Ikari, 715-9; W. Ishibashi, 809-11; Ｈ． Itatani, 919-23; Ｙ． Ono, 1039-
４４；Ｋ． Kobayashi, 1133-40.
7) y.　Ohsiimi, Shokubai, 20, 405-10 (1978).
　　 　　 　　
-
8) K. Ohnlshl, Gendai Kagaku, 1980, (No. 110), 24-31.
９）”Reaction Rates and Catalysis," ed by Ｋ．Tamaru, Gihodo, Tokyo (1973)・
10) K. Hirota and Ｋ．Kuwata, "Reaction Kinetics ，" Kyoritsu Shuppan, ？okyo (1972).
11) K. Tanabe, "Functions of Catalysts," Kagaku Dojin, Kyoto (1974).
12) K. Tarama, Shokubai, 8, 334-42 (1966).－
13) K. Tanaka and Ｋ．Aomura, Gendai Kagaku, 1980, (No. 115), 18-25・
14) Y. Yoneda, A. Ozaki, T. Ohara, Y. Ogino and Ｔ．Yasui, Shokubai,!旦, 185-94
(1976).
15) K. Tarama, ibid・, 21, 23-31 (1979).-
16) "Catalysis, Heterogeneous and Homogeneous ，¨ ｅｄ by Ｂ．Delmon and Ｇ．Jannes,
Elsevier, Amsterdam (1975).
17) M. Nakahara, "Electronic structure and Periodic Law," Baifukan, Tokyo (1976),
130-1.
18) I. Tsubaki, "Analytical chemistry by the Application of Periodic Law,"
Uchidarohkakuho Shlnsha, Tokyo (1978), 50-1.
19) S.　Otsuka, Kagaku, 35, 437-43 (1980).
20) a) L. Oleari, Ｇ． De Michelis and Ｌ。De Sipio, Mol. Phys.,!!!，




R. S. Nyholm and M. L. Tobe/ Adv. Inorg. Chera. Radlochem., 5^,




Ｒ．Ｖ．　Parish (Translated by G. Sato and S. Sakura), "The Metallic Elements,"
Tokyokagaku Dojin, Tokyo (1980), 36-9.
24) ibid., 113-8.
25) F. A. Cotton and G. Wilkinson, "Advanced Inorganic Chemistry," 4th ed, Wiley
Interscience, New York (1980), 690-2.
26) L. Ｅ． Orgel, "An Introduction to Transition Metal chemistry,'･Methuen, London
(1960), Chap.　9, 10.
27) C.　Ｓ．Ｇ．　Phillips and Ｒ，　Ｊ．p. Williams, "Inorganic Chemistry," Vol. １１，
Oxford clarendon Press, London (1966), 163-6.
28) B. Demerseman, Ｇ．　Bouquet and Ｍ．　Bigorgne,Ｊ．Organometal. Chem. ,!!!!, C24‘
8 (1975) .
29) L. Pauling (Translated by Ｍ，Koizumi),”The Nature of the chemical Bond,"
Kyoritsu, Tokyo (1950), Chap.　3,7.
-74-
　30) S. Otsxika, ？. Yoshida, M. Matsumoto and Ｋ． Nakatsu, Ｊ． Am. Chem. Ｓｏｃ・， 旦旦，
　　
5850-8 (1976).
31) T. Yoshida, Kagaku no Ryoiki, 32, 434-45 (1978).
　　　　　　　　　　　　　　　　　　
-
32) H. Wakamatsu, Kagaku Zokan 23, "Organometallic Chemistry," Kagaku Dojin,
Kyoto (1966), 122-3.
33) T. Mizoroki, Petrotech, 3, 248 (1980).
－
34) W. Hieber and Ｗ．Hubel, Z. Elektrochen。. , 57, 234-43 (1953).
　　　　　　　
-
35) W. Hieber and Ｇ． Wagner, Z. Nuturforsch・, 13b, 339-47 (1958).
　
-
36) W. Rupilius and Ｍ． Orchin. Ｊ． Org. Chem., 36, 3604-6 (1971).
-
37) Y. Murakami and ｙ． Aoyama,”Chemistry of Chelates " Vol ２， ed by Ｋ． Ueno,
Nankodo,!rokyo (1976), 331-87.
38) S. Yamada, Kagaku no Ryoiki Zokan ９０，・Synthesis of Transition Metal
Compleχ:es
and Reactivity of Ligands," ed by A. Nakahara and Ｍ． Shibata,
Nankodo, Tokyo
(1970), 72-86.
39) L. E. Orgel (Translated by Ｈ． Kobayashi), "An Introduction
to Transition-
metal Chemistry," Iwanami Shoten, Tokyo (1968),
150-1.
40) S. Otsuka, Kagaku Zokan ２３ｚ　"Organome ta1lie Chemistry,”Kagaku
Dojin, Kyoto
(1966), 202-3.
41) M. C. Rakowski, F. J. Hirsekorn, L. S. Stuhl and Ｅ． L. Muetterties, Inorg.
Chem･, 15, 2379-85 (1976).-
42) M. C. Rakowski and Ｅ． L. Muetterties ， J. Am. Chem. Soc, 99, 739-43 (1977).
　　　　　　　　
-
43) K. P. C. Vollhardt, Ace. Chem. Res., 10. 1-8 (1977); Ann. N. Y. Acad. Sci.,
-
旦ｌ!, 241- 9 (1980).
44) H. Bonnemann, Angew. Chem., 90, 517-26 (1978).
-
45) Y. Wakatsuki and Ｈ． Yamazakl, Synthesis, 1976, 26-8　ｉ Ｊ． Chem. Ｓｏｃ。 Dalton
Trans., 1978, 1278-82.
-
46) a) G. N. Schrauzer, E. Deutsch and Ｒ． J. Wlndqassen, J. Am. Chem. Soc, 90,
　　　　　　　　　　
-
2441-2 (1968); b) G. N. Schrauzer and Ｅ． Duetsch, ibid., 91, 3341-50 (1969).
-
47) a) L. Vaska, Ace. Chem. Res.,！, 335-44 (1968); b) L. Vaska, L. S. Chen eUld
Ｃ．Ｖ． Senoff, Science, 174, 587-9 (1971).
-
48) P. M. Henry, J. Am. Chem. Soc, 88, 1595-7 (1966).
-
49) J. A。Osborn, F. H. Jardine, J. F. Young and Ｇ． Wilkinson, J. Chem. Soc, A,
1966, 1711-32.-
50) R. S. Nyholra, Proc. 3rd Int. Conqr. Catal., Amsterdam, 1964, 25-87.
51) L. Vaska, L. S. Chen and Ｗ．V. Miller, J. Am. Chem. Ｓｏｃ・，ｉ!， 6671-3 (1971)・
52) S. Otsuka, Kagaku,34, 19-29 (1979)・
53) R. s. Nyholm and Ｍ． L. Tobe, Adv.　工norg. Chem. Radiochem., 5, 23-5(1963).
54) L. Porri, M. C. Gallazi and Ｇ． Vitulli, J. Chem. Ｓｏｃ・，Chem. Commun・ ， 旦ｇ，
228.
55) M. J. Nilges, E. K. Barefield, R･L. Belford and Ｐ． H. Davis, J. Am. Chem.
Ｓｏｃ・,99, 755-60 (1977).
-
56) P. Heimbach, Angew. Chem., 7£, 586 (1964).
57) T. T. Tsou and Ｊ． K. Kochl, J. Am. Chem. Soc,!!!！, 7547-60 (1979)・
58) A. Nakamura and Ｓ． Otsuka, Tetrahedron Lett・ｆ 1974, 463-6.
59) K.　Tamao, Ｋ． Sumitani, Ｙ･Kiso, A. Fujioka, S. Kodama, I. Nakajima, A. Hinato
and Ｍ． Kumada, Bull. Chem.　Soc. Ｊｐｎ・，旦f　1958-69 (1976)・




61) R. Ｃ． Wade, Ｄ．Ｇ． Holah, Ａ．Ｎ． Hughes and Ｂ．Ｃ． Hui, Catal. Rev.-Sci. Eng･ｊ
14, 240-2 (1976).
-
62) T. Ｊ． Marks, Chem.　Ｒｅｖ・,　ｎ, 　２６３(1977).
　　　　　　　　　　　　　　
-
63) H. Kanai, S. Sakaki and K. Tarama, Shokubai, 11, 142P-5P (1969).
64) M. Aresta, Ｍ．　Rossi and A. Sacco, Inorq. Chim. Acta,！, 227-31 (1969).
65) H. Kanai, J. Chem.　Ｓｏｃ・， Chem. Cominun・ ，１!72, 203-4.
66) H. Kanai, K. Kushi, K. Sakanoue and Ｎ． Kishimoto, Bull. Chem. Soc. Jpn･，
53, 2711-5 (1980) .
-
67) a) T. H.Johnson and Ｅ．Ｃ． Hefty, Ｊ． Org. Chem･ ， 44, 4896-9 (1979); b) T. H.
Johnson and S-San Cheng, Ｊ． Am. Chem.　Ｓｏｃ・，!ｊ２ｊり　5277-80(1979); c) J. A.
Gladysz, J. G. Fulcher, R. C. Ugolick, A. J. Lee HanIan and Ａ． B. Bocarsly,
ibid･, 101, 3388-90 (1979); d) P.-W. chum and Ｊ．Ａ．　Roth, Ｊ． Catal・， ３９，
- -
198-204 (1975) .
68) R. Ｇ．Miller, p. A. Pinke, R. D. Stauffer and H. J. Golden, J. Organometal.
Chem･, 29, C42-4 (1971).-
69) K. Tanabe,”Solid Acids and Bases,”Kodansha, Tokyo (1970), 103-58.
70) T. Oematsu, Yuki Gosei Kagaku Kyokai Shi, 旦旦, 874-88 (1972).
71) a) M.　Orchin, Adv. Catal・ , 16, 1-47 (1966); b) C. Ｗ．Bird, "Transition Metal
　
-
Intermediates in Organic Synthesis ，”iKjgos-Academic, London (1967) , Chap. 3.
72) G. Henrici-Olive and Ｓ． Olive, "Coordination and Catalysis," Verlag Chemie,
Weinheim (1977), 156-62.
73) B. Hudson, Ｄ．Ｅ． Webster and Ｐ．Ｂ． Wells, J. Chem.　Ｓｏｃ・，Dalton Trans ・，
1972, 1204-7.
-
74) C. P. Casey and C. R. Cyr, J. Am. Chem. Soc, 95, 2248-53 (1973).
　　　　　　　　　　　
-
75) L. M. Venanzi, J. Chem. Soc, 1958, 719-24.
-
76) H.　Itatani and Ｊ． C. Bailar, Jr., J. Am. Chem. Soc, 89, 1600-2 (1967).
　　　　
-
77) F. A. Cotton and Ｄ． M. L. Goodgame, J. Chem. Soc, 1960, 5267-9.-
78) M. J. D'Aniello and Ｅ． K. Barefield, J. Am. Chem. Soc, 100, 1474-81 (1978).
　　
-
79) Reaction products between SnX- (X ° ｈ゛alogen) and M-Y (M =七ransition metal.





Ｂ．O'Dwyer and Ａ．　Ｒ．Manning, Inorg. Chim. Acta, 旦旦,103-6 (1980)・
H. van Bekkum, J. van Gogh and Ｇ．van Minnen-Pathuis, J. Catal., 7, 292-4
（:1967).
Ｌ．Ｐ．van't Hof and Ｂ．Ｇ．Linsen, Ｊ．Catal・， 7, 295-7 (1967).
　　 　　 　　 　　 　　　　　　　　
－
R. D. Cramer, E. L. Jenner, R. V. Lindsey, Jr., and Ｕ．G. Stolberg, J. Am
Chem. Ｓｏｃ・,85, 1691-2 (1967).-
84) R. D. Cramer and Ｒ．Ｖ．　Lindsey, Ｊｒ・,ibid･，旦旦, 3534-44 (1966).
85) H. C.　Clark and Ｈ．　Kurosawa, Inorg. Chem･ ， 12, 1566-70 (1973).
-
86) K.　Hirabayashi, S. Saito and 工. Yasumori, Trans. Faraday Soc. , £旦, 978-90
(1972)・
87) G. C. Bond and Ｍ． Hellier, J. Ca七al., 7, 217-22 (1967) .
－
88) I. Schwager and Ｊ．Ｆ． Knifton, ibid., 45, 256-67 (1976).
-
89) J. Ｆ． Knifton, J. Am. Oil Chem. Soc, 55, 496-500 (1978).
-
90) Y. Kawabata, T. Hayashi and ｌ． Ogata, J. Chem.　Ｓｏｃ・， Chem. Commun., 1979,
462-3.
91) F. Basolo and Ｒ．G. Pearson, "Mechanism of Inorganic Reactions," 2nd ed
John Wiley and Sons, New York (1968), 351-435.
－76－
　92) N. Kawata, Ｋ． Maruya, T. Mizoroki and Ａ． Ozaki, Bull. Chem. Soc. Ｊｐ°・，き！，
　　
2003-6 (1974).
93) D. Ｈ， Gerlach, A. R. Kane, G. W. Parshall, J. P. Jesson and Ｅ．Ｌ． Muetterties・
Ｊ．Ａｍ･ Chem. Ｓｏｃ・,93, 3543-4 (1971).
　　　　　　　　　　　　
-
94) T. Yoshida, Y. Ueda and Ｓ． Otsuka, ibid., 100, 3941-2 (1978).
　　　　　　　　　　　　　　
-
95) When 1-pentene from Tokyo Kasei Kogyo Co. was ｏｕ七〇ｆｓｔock. we used 1-pentene
available from other companies and found that no isomerization of the １－
pentene took place ． D'Aniello ａｎｄＢａｒｅｆｉｅｌｄ７８）ｓｔａｔｅｄthat ａ ｌ ｚ　５０butadiene
ｓ Ni mole ratio resulted in almost complete inhibition. It was concluded that
the inactivity was due to the impurities such as diene.
96) T. Ｈ． Tulip and Ｊ． A. Ibers, J. Am. Chem. Soc, 101, 4201-11 (1979).
　　　　
-
97) G. Ｗ．Parshall, Ｗ．Ｈ，Ｋｎｏ七ｈand Ｒ．Ａ．　Schunn, ibid., 91, 4990-5 (1969).
　　　
-
98) R. Ａ． Schunn, Inorg. Chem。 旦, 2567-72 (1970)・
99) S. Komiya, A. Yamaraoto and Ｓ．　工keda, J. Organometal. Chem., 42^, C65-6 (1972).




101) stereochemistry in the isomerization of olefins by solid acids was discussed
102)
102) W. Hightower and Ｗ，K. Hall, J. Am. Chem. Soc. ,旦旦, 778-87 (1967); J. Phys.
Chem･, 71, 1014-23 (1967).
-
103) S. Sakaki, Ｈ， Kanai and Ｋ． Tarama, Can. J. Chem., 52, 2857-60 (1974).
-
104) S. Yamada, "Structure of Coordination Compounds," Kagaku Dojin, Kyoto (1980),
315-32.
105) T. A. Stronmova, M. N. Vargaftik, G. Ya. Mazo, Ya.V. Salyn, V. I。Nefedov and
工．工. Moiseev, Izv. Akad. Nauk, SSSR, 26, 1205-6 (1977).
-
106) N. V. Shitova, L. N. Kuznetsova, E. N. Yurchenko,工. A. Ovsyannikova and
Ｋ．Ｉ． Matveev, ibid., 22, 1453-7 (1973).
-
107) R. Colton, R. H. Farthing and Ｍ． J. McCormick, Aust. J. Chem., 2£, 2607-14
(1973)・
108) G. Allegra, A. Immirzi and Ｌ． Porri, J. Am. Chem. Soc., 87, 1394-5 (1965).
-
109) J. M. Davidson and Ｃ． Triggs, J. Chem. Soc., A, 1968, 1324-30.
110) S. Otsuka, Y. Tatsuno, and Ｋ． Ataka, J. Am. Chem. Soc, 93, 6705-6 (1971).
Ill) L. G. Bruk, 0. N. Temkin, Z. V. Goncharova ， I. S. Ustenko and ｖ． R. Flid,
React. Kinet. Catal. Lett・ , 9, 303-8 (1978).
－
112) T. T. Tsou and Ｊ． K. Kochi, J. Am. Chenv. Soc, 101, 7547-60 (1979).
-
113) C. Gosden, K. P. Healy and Ｄ． Fletcher, J. Chem. Soc, Dalton Trans., 1978,
972-6.
114) M. G. Burnett, J. Chem. Soc, Chem. Commun. , 1965, 507-9.
115) E. J. Corey and L. S. Hegedus, J. Am. Chem. Soc, 91, 1233-4 (1969).
116) T. Shimizu and Ｍ．　Tamura, Shokubai, 16, 84P-6P (1974)・
117) M. Herberhold, "Metal Ti-Complexes ，”Vol.　１１， Elsevier, Amsterdam (1972) .
118) "Cobalamin," ed by Ｂ．M. Babior, Wiley & Sons, New York (1975).
119) G. N. Schrauzer, Angew. Chem･ ， 旦旦, 465-74 (1976)・
120) G. N. Schrauzer, J. Ｈ． Weber and Ｔ．Ｍ． Beckham, Ｊ． Am. Chem. Ｓｏｃ・ｆ旦旦f 7078-
86 (1970) .
121) H. R. Snyder and Ｒ．Ｅ．　Putnam, ibid., 76, 33-5 (1954).
122) M. M. Baizer and Ｊ，Ｄ． Anderson, Ｊ． Org. Cher゛･ｆ旦97　1357-60 (1965).
77－
123) M. F. Semmelhack and Ｒ． D. Stauffer, J. Org. Chem・ ｆ !９．f　3619-21 (1975).
124) J.　Shabtai, E. Ney一エgner. and Ｈ． Pines, 43, 4086-90 (1978).
125) T　Miyakoshi, H. Omichi and ＫＩ･Saito・ Nippon Kagaku Kaishi・1978, 473-:61.
126) Y. Arad, Ｍ．　Levy and Ｄ． Vofsi, J. Org. Chem., 3/!:, 3709-10 (1969).
127) J. Kwiatek,工．Ｌ． Mador and Ｊ．Ｋ． Seyler, Adv. Chem. Ser・・ １!ヱｆ201-15 (1963).
128) T. Alderson. Ｅ．・L. Jenner, and Ｒ． V. Lindsey, Jr・ｆ Ｊ． Am. Chem. Soc, 87,
　　　
5638-45 (1965).
129) Y. Kobayashi and Ｓ． Taira, Tetrahedron, 24, 5763-8 (1968).
130) T.　Saegusa, ｙ，　Ito. Ｈ． Kinoshita and Ｓ． Tomita, Bull. Chem. Soc. Jpn・，旦，
877-9 (1970).
131) G. Oehme and Ｈ． Pracejus. Tetrahedron Lett･ ，:1979, 343-4・
132) A. Mlsono, Y. Uchida, K. Tamal and Ｍ． Hldai, Bull. Chem. Soc. Jpn･, 40, 931-
5 (1967).
133) A. Mlsono, Y. Uchida, M. Hidai and Ｈ． Kanai, J. Chem. Soc, Chem. Commun.,
1967, 357.
-
134) A. Misono, Y. Uchida, T. Saito and Ｍ･．Hidai, Kogyo Kagaku Zasshi, ：!旦,1890-
5 (1967).
135) A. Misono, Y. Uchida, M. Hidai and ｌ． Inomata, J. Chem. Soc, Chem. Coimnun.,
1968, 704-5.
-
136) A. Mlsbno, Y. Uchida, M. Hidal, H. Shinohara and ｙ． Watanabe, Bull. Chero.
Soc. Ｊｐｎ・，41, 396-401 (1968).
137) J. Ｄ． McClure, R. Owyang and Ｌ．Ｈ． Slaugh, Ｊ． Organometal. Chem･， 12, P8-12
(1968) .
138) E. Billig, C. B. Strow and Ｒ． L. Pruett, J. Chem. Soc. , Chem. Conunun., 1968, ■
1307-9.
139) S. Hosaka and Ｓ． Wakamatsu, Japan Pat., 46-5689, Chem. Ab., T_!, 124867 (1971). .
140) G. Agnes, G. P. Chiusoli and Ｇ． Come七ti, J. Chem. Soc, Chem. Commun., 1968,
1515.
141) H. Kanal and Ｍ． Okada, Chem. Lett., 1975, 167-8.
　　　　　　　　　　　　　　　　　　　　　
-
142) M. Ｍ． Baizer, J. Elec七rochem. Soc., 111, 215-22 (1964).
-
143) M. M. Baizer and Ｊ．Ｄ． Anderson, ibid.. Ill, 223-6 (1964).
ｆ -
144) M. M. Baizer, Chemtech, 1980, 161-4.
-
145) D. Ｅ． Danly. ibid., 1980, 302-11.
-
146) M. M. Baizer, "Electroorganic Chemistry,”ed by Ｔ． Osa, T. Shono and Ｋ．Honda。
Kagaku Dojin, Kyoto (1980), 175-81.
147) H. Kanai and K. Ishii, Bull. Chem. Soc. Jpn., 54, 1015-8 (1981).
　　　　　　
-
148) S. Utsuml, Shokubai, 22, 353-5 (1980).
149) R. W. Adams, R. L. Martin and Ｇ． winter, Aust. J. Chera., 20, 773-4 (1967).
　　　　　　
-




151) J. Ａ･ Sofranko,　Ｒ． Eisenberg and Ｊ．Ａ． Kampmeler, ibid・, 102, 1163-5 (1980).
-










Ｌ． Ｐ． Seiwell. Inorq. Chem., 15. 2560-3 (1976).
　　　　 　　　
-
T. Yamamoto, A. Yamamoto and S. Ikeda, J. Am. Chem. Ｓｏｃ・，ｌ!, 3350-9 (1971).
－78－
156) M. Teimura and Ｊ．　Ｋ．　Kochi,J. Organometal. Chem・, 29^, 111-29 (1971).
157) H. Kanai, J. Mol. Catal., in press・
158) A. Ｔ．Nielsen and Ｗ．J. Houlihan, Org. Reactions, 16, (1968)・
159) G. Ｍ．Waind and Ｂ． Martin, J. Inorg. Nucl. Chem.,旦, 551-6 (1958)・
160) R. J. Fitzgerald, B. B. Hutchinson and Ｋ． Nakamoto, Inorg. Chem., 9, 2618-
　　　
21 (1970)・
161) K. Sashlhara, ｙ．　Kalzu and Ｈ． Kobayashl, 21st SymposIum on Coordination
Chemistry, Nagoya, October 19 (1971), Abstr. No. 3C ２.




163) N. Yamamoto, Ｈ．　Kanai and K. Tarama, Chem。Lett., 1977, 1377-8.-
164) J. Kossanyi, Bull. Soc. Chim. France, 1965, 722-32.
-
165) Treatment of non-enolizable benzylideneacetophenones ｀゛ithＦｅ３（ＣＯ）１２in
refluxing toluene gave cyclopentene derivatives in ａ manner ｏｆ［2 + 31
cycloaddition. Ｔ． Ueda, S. Nakanishi and ｙ． Otsuji, 26th Symposium on
Organometallic chemistry. Ｋｙｏ七〇(1979), B 113 (Preprint pp. 142-4).
166) MS m/e: 158 (M十), 143″127, 115, 74″59, 58, 43,　31, 15. PMR S (CDCl );　3.63
(3H, s), 2.2-2.6 (4H, m), 2.12 (3H, s), 1.5-1.8 (4H, m). Found: C, 60.47;
Ｈ″8.97%° Calcd for Ｃ８Ｈ１４）３ｉＣ″60.74; H, 8.92%.
167) Methyl vinyl ketone was added dropwlse by use of ａ microfeeder (Azuma Denki
Kogyo Co.)・
168) T. Tsuruta, "New Polymer Synthetic chemistry," ed by Ｅ．工moto, M. Imoto,
Ｒ･ Oda, S. Kambara, J. Furukawa and Ｓ． Murahashi, Kagaku Dojin, Kyoto (1964),
109-20.
169) S. Oae and Ｓ．Tamagakl, "Reduction," Maruzen, Tokyo (1975).
170) F.-W. Grevels, D.　Schulz, and Ｅ． K. von Gustorf, Angew. Chem。86, 558-9 ’
-
(1974).
171) A. Stockis and Ｒ． Hoffmann, J. Am. Chem. Soc, 102, 2952-62 (1980).
-
172) S. Ｊ． McLain, J. Sancho and Ｒ． R. Schrock, ibid., 102, 5610-8 (1980).
-
173) Y. Wakatsuki and Ｈ． Yamazaki, J. Chem. Soc, Chem。Coimnun., 1980, 1270-1.
174) K. Ishii, H. Kanai, I. Akasaki and K. Tarama, submitted for publication in
Nippon Kagaku Kaishi.
175) G. Agnes, I. W. Bossi, C. Benedicenti, R. Intrito, M. Calcaterra and Ｃ．
Santini, J. Organometal. Chem., 129, 401-11 (1977).
-
176) E. E. Blaise and A. Koehler, Compt. Rend., 148, 489-91 (1909).
-
177) 0. Wallach, Ann. Chem., 329, 368-80 (1903).
-
178) F. Toda and K. Iida, Chem. Lett., 1976, 695-6.
-
179) L. Ｇ． Bruk, O. N. Terakin, Z. Ｖ． Goncharova, I. Ｓ．Ustenko and ｖ． R. Flid,
React. Kinet. Catal. Lett., 9, 303-8 (1978).
－
180) H. Kanai, N. Yamamoto, K. Kishi and Ｋ． Mizuno, J. Catal., submitted for
publication in Ｊ． Catal.
181) G. C. Bond and Ｐ． B. Wells, Adv. Catal・, 15^, 194-202 (1964) .
182) a) K. Tanaka and Ｔ． Okuhara, Ｊ． Catal・， 竪，１－８
Ｔ． Okuhara, Shokubai, 21, 232-4 (1979).
(1980); b) K. Tanaka and
183) H. Hattori, Y ． Tanaka and Ｋ． Tanabe ， Ｊ． Am. Chem. Soc・, 98, 4652-3 (1976).
　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　
-
184) T. Okuhara and K. Tanabe, J. Chem. Soc., Faraday I, 75, 1403-16 (1979).
-
185) Y. Imizu, K. Tanabe and Ｈ．　Hattori ， Ｊ． Catal・, 56, 303-14 (1979).
-
186) T. Okuhara and T. Tanaka, J. Chem. Ｓｏｃ。 Chem. Commun・, 　１９１8, 53-4.
-
-79-
187) K.　Kawakami, T. Mizoroki and Ａ． Ozaki, Chem. Lett., 197!, 847-8 ，J. Mol.
　　　
Catal・, 5, 175-87 (1979).
　　　　　　
－
188) A. Camus, C. Cocevar and Ｇ， Mestoni, Ｊ． Organometal. Chem～翌ｚ　355-64 (1972
189) E. N. Frankel and Ｒ．０． Butterfield, Ｊ． Org. Chem･， 34, 3930-6 (1969).
190) M. A. Schroeder and Ｍ．Ｓ． Wrighton, J. Organometal. Chem･，7！， C29-32 (1974),
191) G. Platbrood and Ｌ． Wilputte-Steinert, Ｊ． Mol. Catal・， !･265-73 (1975/76).
192) K. Ueno, "Chelate Titration," Nankodo, Tokyo (1956), 245-6.
193) T. Saito, y. Uchida, A. Misono, A. Yamamoto, K. Morifuji and Ｓ．　工keda, J・
Organometal. Chem・, 6, 572-3 (1966).
　　　　　　　　
－
194) G. Natta, U. Giannini, P.　Pino and Ａ． Cassa七〇， Chim.　工ｎｄ・,£7, 524-5 (1965)・
195) L. Porri. G. Vitulli, M. Zocchi and Ｇ． Allegra, J. Chem. Soc., Chem. Commun.,
1969, 276-7.
-
19 6) J. C. Schlatter and Ｍ． Boudart, Ｊ． Catal., 24, 482-92 (1972).
　　　　　　　　　　　　　　　
-
197) C. P. Pareja, A. Amariglio and Ｈ． Ainariglio, ibid・ダ亜・379-84 (1975).
198) R. L. Augustine and Ｊ．Ｆ． Van Peppen, J. Chem.　Ｓｏｃ・，Chem. Commun ・， 1970,
571-2; J. Am. ０１１Chem. ＳｏＣ。47, 　４７8-81 (1970).
-
199) K. Kushi, H. Kanai, K. Tarama, and Ｓ． Yoshida, Chem. Lett., 1972, 539-42.
　　　　　　　　　　　　
-
200) W. Strohmeier and Ｅ． Hitzel, J. Organometal. Chem.,!!旦, 389-94 (1976);!!旦，
C22-4 (1976).
201) Y. Takagi and S. Takahashi, 36七ｈ Symposiiun on Catalysis (A), Sapporo (1976),
３Ｆ 04 (Preprint pp. 78-9).
202) Yu. I. Yermakov, B. N. Kuznetzov, Yu. P. Grabovski, A. N. Strartzev, A. M.
Lazutkin, Ｖ．Ａ，　Zakharov and Ａ．　Ｉ．　Lazutkina, Ｊ． Mol. Catal・， !．ｆ　93-9(1975/
76).
203) Y. Uchida, M. Hidai and Ｔ． Tatsumi, Bull. Chem. Soc. Jpn., 45, 1158-61 (1972)
-
204) R. L. Burwell, Jr., and Ａ． Brenner, '･Catalysis, Heterogeneous and Homogeneous
μ
205) M. Michman, B. Steinberger and Ｓ． Gershoni, J. Organometal. Chem.,!！!, 293-
302 (1976).
206) "Inorganic Synthesis, " ed by W. L. Jolly, McGraw-Hill, New York (1968), Vol.
11, 105-8.
207) C. D. Cook and Ｇ．　Ｓ．Jauhal, J. Am. Chem. Soc, 90, 1464-7 (1968).
-
208) K.　Kushi, Master Thesis, (1973), 94-101.
209) W. W. Riggs, Anal. Chem., 44, 830-2 (1972).
-
210) C. D. Cook, K. Y. Wan, U. Gelius, K. Hamrin, G. Johansson, E. Olsson, H.
Siegfaahn, Ｃ． Nordling and K. Siegbahn, Ｊ． Am. Chem. Ｓｏｃ・,93, 1904-9
(1971).-
211) G. Kumar, J. R. Blackburn, R. G. Albridqe, W. E. Moddeman and Ｍ．
M. Jones,
Inorg. Chem･ ， 旦, 296-300 (1972).
212) W. E. Moddeman, J. K. Blackburn, G. Kumar, K. A. Morgan, R. Ｇ． ALbridge and
Ｍ．Ｍ． Jones, Inorg.　Chem･ ， 11, 1715-7 (1972).
-
213) R. Mason, D. M. P. Minqos, G. Russi and Ｊ． A. Connoｒ. 　Ｊ.Chem. Soc, Dalton
Trans., 1972, 1729-31.
-
214) F. Guerrieri and G. Salerno, J. Orqanometal. Chem., 114, 339-44 (1976).
-
215) G. Ｃ． Bond, "Catalysis by Metals," Academic Press, London, (1962), 229-79・
216) "Chemistry of Catalyst Preparation,”ed by Ａ． Ozaki et al., Kodansha, Tokyo,
(1980).
217) The Reference Catalyst System was founded in 1979 at the Catalyst Society of
Japan. Some physical properties of alumina prepared by some companies were
－８０－
　　　
reported. Platinum catalysts on some carriers have been investigated
by many
laboratories (Shokubai, 22, 115-27 (1980)).
　　　　　　　　　　　　　　　
-
218) 0. Beeck, Discussions Faraday Ｓｏｃ・ｊ旦, 118-28 (1950).
219) G. Ｃ・Ａ． Schuit and Ｌ．Ｌ． Van Reijen, Adv. Catal., 1£･311-4 (1958).
220) G. Ｃ・Bond and J. S. Rank, Proc. 3rd工nter. Conor. Catal・ｚ Amsterdam,
(1964),
1225-37.
221) R. Ｌ． Augustine, "Catalytic Hydrogenation," Marcel Dekker, (1965), 68.
222) G. Ｖ． Smith and R. L. Burwell, Jr., J. Am. Chem. Soc,旦4, 925-34 (1962).
223) R. Ｄ．Cramer, E. Ｌ． Jenner, Ｒ．Ｖ． Lindsey, Jr., and Ｕ． G. Stolberg,
J. Am.
Chem. Ｓｏｃ・,85, 1691-2 (1963).
-
224) G. Ｃ， Bond and Ｍ． Hellier, J. Catal., 7, 217-22 (1967).
225) L. Ｐ． van't Hof and Ｂ．Ｇ． Linsen,　ibid., 7, 295-7 (1967).
　　　　　　　　　　　
－
226) P. Abley and Ｆ．Ｊ． McQuillin, Discussions Faraday Soc, 46, 31-6 (1968) .
　　　　　　　　　　
-
227) F. A. Cotton and Ｇ． Wolkinson,　"Advanced Inorganic Chemistry," 4th ed.
Wiley
工nterscience. New York (1980), 1240-8.
228) G. Ｎ． Schrauzer,　Angew. Chem.,旦旦. 465-74 (1976): b) R. H. Abelesand and
Ｄ．Dolphin, Ace. Chem･ Ｒｅｓ・，9, 114-20 (1976).
229) R. Miyagawa and Ｔ． Yamaguchi, Nippon Kagaku Kaishi ，1978, 160-4; Chem. Lett. ,
-
1978, 89-92; Ｒ．Miyagawa, M. Yamazaki and Ｔ． Yamaguchi, Nippon Kagaku Kaishi,
1978, 1305-6.
-
230) S． Takeuchi ，Ｙ． Oh go and Ｊ． Yoshimura, Bull. Chem. Soc. Jpn., £7, 463-6
(1974).
231) Y. Ohgo, S. Takeuchi and Ｊ． Yoshimura, Bull. Chem. Soc. Jpn・，£り　283-5,
583 (1971)・
232) K. Mita, K. Hotta and Ｓ． Watanabe, Nippon Kagaku Kaishi, 1978, 1583-4,
1979, 1299-1303.
-
233) T. Shimizu and M. Tamura, Shokubai, 16, 84P-6 (1974).
-
234) M. Tamura and Ｊ． K. Kochi, J. Am. Chem. Soc, 93, 1487-9 (1971)・
235) S. M. Neumann and Ｊ． K. Kochi, J. Org. Chem., 4旦, 599-606 (1975)・
236) D. G. Morrell and Ｊ． K. Kochi, J. Am. Chem. Soc, 97, 7262-70 (1975).
-
237) T. Matuura, "0χygenation Reactions," Maruzen, Tokyo (1977), 329-69・
238) L. Simandi and F. Nagy, Acta Chim. Akad. Sci. Hung., 46, 137-49 (1965)・
239) L. Y. Wong and Ｊ． Halpern, J. Am. Chem. Soc・，ｊ!旦, 6665 (1968)・
240) R. Zahradnik and Ｓ． Beran, J. Catal.,!!, 107-15 (1976)・
241) C. Naccache, J. F. Dutel and Ｍ． Che, J. Catal・, 29, 179-81 (1973).
-
242) T. Imanaka, K. Kaneda, S. Teranishi and M. Terasawa, Proc. 6th Int. Congr・
Catal・, London (1976), 509-17・
243) a) Y.工wasawa and S. Ogasawara, Chem.　Lett・ｆ　1980, 127-30; b) Y. Iwasa゛ａ″
M. Yamagishi and S. Ogasawara, Shokubai, 翌ｙ　313-5 (1980)・
244) Kida has recently discussed the valence in detail(Kagaku, 3£, 179-83 (1981))・
245) a) M. B. Robin and p. Day, Adv. Inorg・Chera. Radiochera., 10^, 247-422 (1967);
b) M. Yamashita, Kagaku to Kogyo, 32, 849-50 (1980); c) I. Motoyama and Ｈ．
Sano, Gendai Kagaku, 1980, (No. 109), 14-23.
246) P. s. Gonun and Ａ． E. Onderhill, J.　Chem. Soc, Dalton Trans., 1972, 334-7.
247) L. D. Brown, D. W. Kalina, M. S. McClure, S. Schultz, S. L. Ruby, J. A.
工bers, C. R. Kannewurf and Ｔ． J. Marks, J. Am. Chem. Soc, 1^！, 2937-47 (1979).
248) T. Yonezawa, Kagaku,翌, 814-9 (1980).
81－
249) a) R. Ugo, Chim.　ｌｎｄ・， 包ノ　1319-31 (1969); b) A. Yamamoto, Kagaku Sosetsu
　　　　
No. 3,”Catalysis in Organic Chemical Industries", Tokyo Dalgaltu Shuppankai,
Tokyo (1973), 55-75; C) T. Matsuda, "Chelate Chemistry (4)", ed by Ｋ． Ueno,
Nankodo, Tokyo (1977), 240-66; d) J. Tsuji, Gendai Kagaku 14, "Synthesis of
Materials I”, ed by Ｈ． Nozaki, Iwanarai Shoten, Tokyo (1979), 157-65.
250) M.　Ｌ．　Ｈ． Green, "The Transition Elements", Methuen, London (1968), 4-6.
251) J.　Halpern, Ace. Chem. Ｒｅｓ・，!, 386-92 (1970).
252) a) M. M.　Jones and Ｗ． Ａ． Connor, Ind. Eng. Chem･， 55, 14-28 (1962); b) M. M.
Jones (Translated by Ｈ．　Kobayashi and Ｙ． Torii) ,”Ligand Reactivity and
Catalysis", Tokyo Kagaku Dojin, Tokyo (1973), 11-2.
253) A mechanism of metathesis of olefins was discussed by Mango and
Schachtschneider which involved ａ concerted [2+2】cycloaddition and ａ
subsequent ring scission process (J. Am. Chem. Ｓｏｃ・， 93, 1123-30 (1971)). In
the most plausible mechanism. however, metal-carbene species are reactive
ｉｎ七ermediates from ｅχperimental evidence ( R. Ｈ． Grubbs, Prog.　Inorg. Chem.,
24, 1-50 (1978).,
254) M. Tanaka, K. Morita and Ｋ． Saito, Kagaku to Kogyo, 26, 184-92 (1973).
255) "Hard and Soft Acids and Bases", ed by Ｒ． Ｇ． Pearson, Dowden, Hutchinson &
Ross ｌｎｃ・, Stroudsburg (1973).
256) T.-L. Ho,”Hard and Soft Acids and Bases Principle in Organic Chemistry",
Academic Press, New York (1977).
257) I. Kuwajima, Gendai Kagaku １４， "Synthesis of Materials ｌ”， ed by H. Nozaki,
Iwanami Shoten, Tokyo (1979), 185-206.
258) Y. Saito, Kagaku Sosetsu No. 3, "Catalysis in Organic Chemical Industries",
Tokyo Daigaku Shuppankai, Tokyo (1973), 81-130.
259) E. Ochiai, Kindai Kagaku Kogyo ８，･･工ndustrial chemistry in Catalysis･･， Ｓ．
Makishima et ａ１・ｆAsakura Shoten, Tokyo (1971), 104-5, 124-5.
260) C. A. Tolman, Chem. Soc. Rev., 1, 337-53 (1972).
　　　　　　　　　　　　　　　　　　　　　　　　　　
－
261) S. Otsuka, Kagaku, 32, 89 (1977).
-
262) J. Halpern, Chem. Eng. News,!!, October 31, (1966); Ｍ． L. Bender, "Mechanism
of Homogeneous Catalysis from Protons to Proteins", Wiley一ｴnterscience. New
York (1971), 243-8.
263) K. Fukui,　"Chemical Reactions and Orbitals of Electrons･’， Maruzen, Tokyo
(1976), 220-8; Ｋ． Fukui and Ｓ．　Inagaki, J. Am. Chem. Soc, 97, 4445-52 (1975)･.……
　　　　　　　　　　　　　　　　　　　　　　　
-
264) a) Y.　Saito,　Shokubai,　!ら　313-8 (1978); b) H. Kato, Hyomen, 17, 487-500
　　
-
(1979): Ｓ． Sakaki, ibid・ｆ !ヱ．ｆ　579-99 (1979); d) H. Kobayashi, ibid., 17, 635-
　　　　　　
-
43 (1979).
－82～


